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SCATTERING OF AN ICRF MAGNETOSONIC WAVE
BY PLASMA DENSITY TURBULENCE.*

Daniel R. Cook and Allan N. Kaufman,
Lawrence Berkeley Laboratory and Department of Physics,
University of California, Berkeley, California 94720.

ABSTRACT

A fast ICRF magnetosonic wave, launched into a tokamak plasma,
scatters off turbulent density fluctuations in the plasma edge. We use cold-
fluid theory to calculate the angular distribution of the scattered wave and
find it to be predominantly perpendicular to the incident wavevector for
second harmonic majority heating. We calculate the mean free path and
find it to be large compared to the size of tokamak devices. Therefore,
scattering of ICRF magnetosonic waves by density turbulence is an utterly
negligible effect.

INTRODUCTION

The incident magnetosonic wavevector has kﬂ < k, and experimen-
tal data indicate that the density turbulence has k" ~ 0. We therefore in
our model let k" = 0 for all wavevectors, incident, scattered, and turbulent.
The scattering occurs in the plane perpendicular to B,. Experimental data
indicate that the correlation length of the density turbulence is small com-
pared to the magnetosonic wavelength. The density turbulence fluctuates
slowly compared to the frequency of the magnetosonic wave, so the turbu-
lent scatterers look stationary to the incident wave, and the scattering is
elastic. In the wave field quantities which follow, an e*“* time dependence
is to be understood. We found many useful ideas which helped us with
this calculation in Ishimaru’s fine book, Wave Propagation and Scattering
in Random Media!.

*Work supported by US DOE under contract No. DE-AC03-76SF00098
and by US DOE Magnetic Fusion Science Fellowship, administered through
Oak Ridge Associated Unsversities.



We begin with a few basic symbols and relations:

¥(z,y) = B(z,v)/B,, u(z,9) =my(2,9) /1 K Sk ko,
P(X) = Yine(X) + Yypeae(x),  n=n'+7, Kocae = k7,
Vine(X) = 'poeik";xv n' =n,+n, k, = w?/C 3,
C, =B}/47M;n,, Q; =eB,/Mc, x, =1/k,,
Re [e"“"‘é(x, y)] , magnetic field of the wave
n,, ‘ uniform background density
7, density variation due to wave
g turbulent density fluctuation
A
y
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From the equations of two—component cold fluid theory, we obtain the
following wave equation:

(V" + k(o) = { -kt [V =i (e x V)| - 9 viany

R}

We make the Rayleigh-Born Approximation on the wavefunction in
the above equation by letting %, < ¥,. Next we perform a far field
approximation on the Green’s Function to obtain the following scattered
wavefunction:

eiko[ﬁo x'+x=x'|]

00 = /g2 (b - e x k) - 9 [ @2 )

e~ |3

The spectral density S(k';x') is the Wigner Function of the relative
density turbulence, u(x'). It represents the frequency- integrated wavevec-
tor content of the relative density turbulence at position x'. The { ) indi-
cates a time average over a time which is long compared to the timescale
of the density turbulence.

Sk';x') = /dzs gtk '<u(x' + %s) p(x' — %s)>

We construct the Wigner Function of the scattered wave function and
use it to obtain the following expression for the scattered wave intensity:

d*z’ w

(000 = 22 [ L2 g0 Sax) 0l 9(0) = o5 + (5

)2sin?f

The strength of the density turbulence, (u%(x')) is related to the spec-
tral density and to the wavenumber spread k,, of the density turbulence as
follows:

wien = | (f:)’z (k) = (7S = 03x)

S(k';x")
k= [ d*k ————
" / S(k! — 0;x')



We obtain the scattering cross section density from the scattered wave
intensity and use it to construct the mean free path,

1

l_()—(T)_ = /dﬁa(x’;O),

which may be expressed in terms of the wavenumber spread k, of the
density turbulence as follows:

3] on )

Using Ritz et al.? data from TEXT we obtain the following:

|
I

k,~0.1cm™!, at the plasma edge
k,~6cm™!, spread in turbulent wavenumbers
u = 0.2, turbulence strength at the plasma edge
w/Q; =2, second harmonic heating | ’
X,/l~107%,  from above equation
I~ 1 km, mean free path

CONCLUSION

Two dimensional cold-fluid theory predicts a mean free path large
compared to the size of tokamak devices. Scattering of incident ICRF
magnetosonic waves by turbulent density fluctuations is utterly negligi-
ble.
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